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3.9 Geology, Soils, Seismicity and Paleontological Resources 
3.9.1 Introduction 
This section describes geology, soils, seismicity, 
and paleontological resources in the San Jose to 
Central Valley Wye Project Extent (project or 
project extent) resource study area (RSA) where 
geology, soils, seismicity, and paleontological 
resources are most susceptible to change as a 
result of construction and operations of the 
project. Geology, soils, and seismicity include the 
Earth’s physical structure, materials, history, and 
processes. Paleontological resources (fossils) are 
the preserved remains or traces of animals, 
plants, protozoans, fungi, and bacteria that can 
provide important information about the evolution 
of life on Earth over the past billion years or more. Fossils can also provide information on the 
age of the rocks in which they are found and shed light on environmental change over time. 
Fossils are typically found in sedimentary and certain types of metamorphic and extrusive 
volcanic geologic units. 

Geology, Soils, and Seismicity—Key Issues 

Geologic hazards resulting in damage to 
structure or loss of life 

Exposure of people or structures to loss of life, 
injuries, or destruction due to primary and 
secondary seismic activity  

Paleontology—Key Issue 
Ground disturbance resulting in loss of 
paleontological resources (fossils) contained 
within substrate materials. 

 

The San Jose to Merced Project Section Geology, Soils, and Seismicity Technical Report 
(Geology, Soils, and Seismicity Technical Report) (Authority 2019a) provides additional technical 
details on geologic resources and geologic hazards. This impact analysis considers the California 
High-Speed Rail Authority’s (Authority) project design guideline technical memoranda (Authority 
2010a, 2010b, 2010c, 2011a, 2011b, 2011c, 2011d, 2011e, 2014). The San Jose to Merced 
Project Section Paleontological Resources Technical Report (Paleontological Resources 
Technical Report) (Authority 2019b) provides additional technical details on paleontological 
resources.  

The following appendices in Volume 2 of this Draft environmental impact report 
(EIR)/environmental impact statement (EIS) provide additional details on geology, soils, 
seismicity, and paleontological resources:  

• Appendix 2-D, Applicable Design Standards, describes the relevant design standards for the 
project.  

• Appendix 2-E, Project Impact Avoidance and Minimization Features, provides the list of all 
impact avoidance and minimization features (IAMF) incorporated into this project. 

• Appendix 2-J, Regional and Local Plans and Policies, provides a list by resource of all 
applicable regional and local plans and policies. 

Geology, soils, and seismicity are important factors for designing and constructing a safe, cost-
effective, and environmentally sound project. The geologic setting also plays a key role in 
determining the potential for paleontological resources to be present. The following three Draft 
EIR/EIS resource sections provide additional information related to geologic resources: 

• Section 3.8, Hydrology and Water Resources, evaluates impacts of the project alternatives 
on surface water hydrology, water quality, groundwater, floodplains, and soil erosion. 

• Section 3.10, Hazardous Materials and Wastes, evaluates impacts of the project alternatives 
on hazardous materials and waste sites.  

• Section 3.11, Safety and Security, evaluates impacts of the project alternatives on the 
earthquake safety of the high-speed rail (HSR) system. 

Volcanic hazards are not included this Draft EIR/EIS because the nearest volcanic sources (Long 
Valley Caldera and Clear Lake) are more than 100 miles north and east from the project. The 
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project is not in proximity of the limits of the anticipated volcanic hazards from these sources 
including tephra ash fall (Miller 1989). 

3.9.2 Laws, Regulations, and Orders 
This section presents federal, state, and local laws, regulations, orders, and plans applicable to 
geology, soils, seismicity, and paleontology. The Authority would implement the HSR system, 
including this project, in compliance with all federal and state regulations. Regional and local 
plans and policies relevant to geology, soils, seismicity, and paleontological resources considered 
in the preparation of this analysis are provided in Volume 2, Appendix 2-J. 

3.9.2.1 Geology, Soils, and Seismicity 
Federal 
Procedures for Considering Environmental Impacts (64 Federal Register 28545) 

The Federal Railroad Administration (FRA) procedures state that an EIS should consider possible 
impacts on energy and mineral resources.  

State 
Alquist-Priolo Earthquake Fault Zoning Act (Cal. Public Res. Code, § 2621 et seq.) 

The Alquist-Priolo Earthquake Fault Zoning Act was signed into law on December 22, 1972, and 
went into effect March 7, 1973. The purpose of the Act was to regulate development near active 
faults in order to mitigate the hazard of surface fault rupture. In general, the Act has two 
requirements: prohibiting the location of “developments and structures for human occupancy” 
across the trace of active faults, and establishing Earthquake Fault Zones as defined by the State 
Geologist, within which affected cities and counties must establish special procedures for 
reviewing and approving applications for new building permits.  

Seismic Hazards Mapping Act (Cal. Public Res. Code, §§ 2690–2699.6) 

The State Legislature passed the Seismic Hazards Mapping Act in 1990, which was codified in 
the California Public Resources Code (Cal. Public Res. Code) as Division 2, Chapter 7.8, which 
became operative on April 1, 1991. The purpose of the act is to identify areas where earthquakes 
are likely to cause shaking, liquefaction, landslides, or other ground failure, and to regulate 
development to reduce future earthquake losses. The California Geological Survey (CGS) has 
responsibility for developing the hazard maps, and has incrementally focused their efforts on the 
highest risk areas and areas undergoing significant development. This act requires that site-
specific hazard investigations be conducted by licensed professionals, within the zones of 
required investigation, to identify and evaluate seismic hazards and formulate mitigation 
measures prior to permitting most developments designed for human occupancy.  

Geologic Hazard Abatement Districts (Cal. Public Res. Code, Division 17, §§ 26500–26654) 

The Beverly Act of 1979 (Senate Bill 1195) established Geologic Hazard Abatement Districts 
(GHAD) and allowed local residents to collectively mitigate geological hazards that pose a threat 
to their properties. GHADs may be formed for the following purposes: prevention, mitigation, 
abatement, or control of a geologic hazard; and mitigation or abatement of structural hazards that 
are partly or wholly caused by geologic hazards. Cal. Public Res. Code defines a geologic hazard 
as “an actual or threatened landslide, land subsidence, soil erosion, earthquake, fault movement, 
or any other natural or unnatural movement of land or earth.” 

Surface Mining and Reclamation Act (Cal. Public Res. Code, § 2710 et seq.) 

This act addresses the need for a continuing supply of mineral resources and is intended to 
prevent or minimize the adverse effects of surface mining on public health, property, and the 
environment. The act also assigns specific responsibilities to local jurisdictions in permitting and 
oversight of mineral resources extraction activities.  
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3.9.3 Consistency with Plans and Laws 
As indicated in Section 3.1.5.3, Consistency with Plans and Laws, CEQA and National 
Environmental Policy Act (NEPA) regulations1 require a discussion of inconsistencies or conflicts 
between a proposed undertaking and federal, state, regional, or local plans and laws. As such, 
this Draft EIR/EIS describes the inconsistency of the project alternatives with federal, state, 
regional, and local plans and laws to provide planning context.  

3.9.3.1 Geology, Soils, and Seismicity 
There are a number of federal and state laws and implementing regulations, listed in Section 
3.9.2.1 under subsections Federal and State, that govern compliance with construction and 
operations standards relating to geology, soils, and seismicity for construction projects and 
transportation facilities. A summary of the federal and state requirements considered in this 
analysis follows: 

• FRA guidelines for consideration of possible effects on energy and mineral resources  
• State laws that govern construction in areas of known seismic activity 
• State laws that address construction in or near areas of energy and mineral extraction activity 
• State guidelines governing construction with respect to geologic and soils hazards  

The Authority, as the lead agency proposing to construct and operate the HSR system, must 
comply with all federal and state laws and regulations and secure all applicable federal and state 
permits prior to initiating construction on the selected alternative. Therefore, there would be no 
inconsistencies between the project alternatives and these federal and state laws and regulations. 

The Authority is a state agency and therefore is not required to comply with local land use and 
zoning regulations; however, it has endeavored to design and construct the HSR project to be 
consistent with land use and zoning regulations. For example, the project alternatives would 
incorporate an IAMF that requires the contractor to evaluate and take into account soil 
vulnerabilities, as local ordinances also require. The Authority would also adopt a monitoring 
program to track any subsidence during operations. Analysts reviewed a total of 7 plans and 33 
policies, goals, objectives, implementation actions, implementation programs, and implementation 
measures. The project alternatives are consistent with all plans, codes, policies, and goals for 
geology, soils, and seismicity because construction practices, infrastructure design, and operations 
would be consistent with established building standards relevant to geotechnical issues. 

3.9.3.2 Paleontological Resources 
Federal and State Laws and Regulations 
Section 3.9.2.2 lists a number of federal and state laws and implementing regulations that protect 
paleontological resources. These federal and state requirements include: 

• Federal regulations that address paleontological resources on federally owned or controlled 
lands. 

• State regulations that address paleontological resources on state and public (i.e., state, 
county, city, special district, public authority, and public corporation) lands.  

The Authority, as the lead agency proposing to construct and operate the HSR system, must 
comply with all federal and state laws and regulations and secure all applicable federal and state 
permits prior to initiating construction on the selected alternative. Therefore, there would be no 
inconsistencies between the project alternatives and these federal and state laws and regulations.  

The IAMFs for paleontological resources incorporate specific actions to protect scientifically 
important paleontological resources and avoid the loss of scientific information, consistent with 
prevailing Society of Vertebrate Paleontology (SVP) guidance (the SVP Standard Guidelines, 

 
1 NEPA regulations refer to the regulations issued by the Council on Environmental Quality located at 40 C.F.R. Part 
1500. 
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Conditions of Receivership, and Standard Procedures) and the overall objectives of federal laws 
protecting paleontological resources. Moreover, with the IAMFs in place, any collection of 
paleontological resources during construction of the project alternatives would occur with the 
authorization and oversight of the Authority and would be conducted by a qualified 
paleontological resources specialist (PRS) in a manner consistent with the prevailing discipline 
standard for paleontological resources recovery and curation. Consequently, the project 
alternatives are considered consistent with the objectives of federal and state regulations that 
require science-based management of paleontological resources and prohibit unauthorized 
destruction of such resources. 

Local Plans and Policies 
The Authority is a state agency and therefore is not required to comply with local land use and 
zoning regulations; however, it has endeavored to design and construct the HSR project so that it 
is consistent with land use and zoning regulations, including goals and policies protecting 
paleontological resources. Analysts reviewed a total of 8 plans and 52 policies, goals, objectives, 
implementation actions, implementation programs, and implementation measures. 

The Authority’s standard paleontological resources methodology guidelines (Authority 2014) guided 
the development and content of the paleontological resources IAMFs incorporated into the project 
alternatives. As the project requires review of 90 percent design and development of specific 
language detailing paleontological monitoring and other requirements to protect paleontological 
resources (GEO-IAMF#11: Engage a Qualified Paleontological Resource Specialist), the project 
alternatives are consistent with all plans, codes, policies, and goals for paleontological resources 
because the design is consistent with standards of professional practice.  

3.9.4 Methods for Evaluating Impacts 
3.9.4.1 Impact Avoidance and Minimization Features 
IAMFs are project features that are considered to be part of the project and are included as 
applicable in each of the alternatives for purposes of the environmental impact analysis. The full 
text of the IAMFs that are applicable to the project is provided in Appendix 2-E. The following 
IAMFs are applicable to the geology, soils, seismicity, and paleontological resources analysis: 

• GEO-IAMF#1: Geologic Hazards 

• GEO-IAMF#2: Slope Monitoring 

• GEO-IAMF#3: Gas Monitoring 

• GEO-IAMF#4: Historic or Abandoned Mines 

• GEO-IAMF#5: Hazardous Minerals 

• GEO-IAMF#6: Ground Rupture Early Warning Systems 

• GEO-IAMF#7: Evaluate and Design for Large Seismic Ground Shaking 

• GEO-IAMF#8: Suspension of Operations during an Earthquake 

• GEO-IAMF#9: Subsidence Monitoring 

• GEO-IAMF#10: Geology and Soils 

• GEO-IAMF#11: Engage a Qualified Paleontological Resources Specialist 

• GEO-IAMF#12: Perform Final Design Review and Triggers Evaluation 

• GEO-IAMF#13: Prepare and Implement Paleontological Resources Monitoring and Mitigation 
Plan (PRMMP) 

• GEO-IAMF#14: Provide WEAP Training for Paleontological Resources 

• GEO-IAMF#15: Halt Construction, Evaluate, and Treat if Paleontological Resources are Found 
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Source: Wentworth et al. 1997 MARCH 2019 

Figure 3.9-1a San Jose Diridon Station Approach Subsection—Geologic Map 
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